In this paper, first the ultrasonic Rayleigh wave methods of flaw detection and ways of optimizing detection sensitivity and resolution will be described.
INTRODUCTION
Composite components have been used extensively in stuctural applications in aerospace and other safetyconcious industries. Nondestructive evaluation (NDE) is often included in the original qualification and acceptance procedures. Also, inspections are conducted during service to ensure structural health and integrity.
Inspection of composite parts less than 2 cm in thickness is easily done using ultrasonic pulse-echo or through-transmission techniques using an automated scanning system. However, composite parts developed for some future structural applications include very thick sections (about 10 cm in thickness) that may be subjected to extremely high static and cyclic surface loads. There is a concern that minute material imperfections close to the outer surface region resulting from fabrication or surface finishing processes of these components may initiate delamination and eventual separation of the outer fibers during cyclic tests or in operation.
The sensitivity of conventional ultrasonic methods in such applications is inadequate due to increased attenuation, particularly at high frequencies (>5 MHz) which may be necessary for resolution of minute defects. In particular, detection of small flaws near the outer surface using the normal pulse-echo tests is a major problem since the surface echoes and the transducer ringing prevents identification of small signals resulting from flaws close to the surface. Also, * Corresponding author: abbas.fahr@nrc.ca 177 Vol. 11. Νos. 2-3, 2004 in the normal through-transmission tests, the high attenuation of the thick composite material makes it impossible to detect small defects. Novel approaches based on ultrasonic Rayleigh waves have been applied to detect minute defects close to the outer surface of a thick composite structure. The application and results of this approach are described in this paper.
ULTRASONIC RAYLEIGH WAVE TECHNIQUES
Rayleigh waves are generated when the ultrasonic incident beam strikes the test material at or above the critical angle of longitudinal and shear waves /1,2/.
When the immersion mode is used (i.e. the test component is immersed in water for acoustic coupling between the probe and the test piece), as Rayleigh waves propagate, their energy is quickly dissipated or "leaked" into the adjacent fluid. As a result, "leaky" Rayleigh waves propagate only a few wavelengths (λ) on the surface before their energy drops below the noise level. Also, their effective range is only about one wavelength below the surface. Therefore, leaky surface waves are often used to characterize thin films and coatings. Leaky Rayleigh waves can be generated and detected using several approaches; two methods are described in this paper. 
Inspection of Thick Composites for Near Surface Flaws
where V L and V T correspond to the velocities of the longitudinal and transversal waves in the material, respectively. A(Vj/Vl) is a function of both velocities and since it is always less than unity: However, flaw images usually do not resemble the actual shape or size of the flaw due to the fact that the probe is at an angle with respect to the test material.
Method B:
Alternatively, an ultrasonic probe with a large aperture (larger than the critical angle) can be placed perpendicular to the surface of the test material in such a way that its focal point is below the surface, i.e. After calibration tests the thick composite structure was inspected using the same 10 MHz probe and the Method A described above. Note that at this frequency, only the detection of discontinuities located down to approximately 0.2 mm below the surface is possible. These cracks were neither visible to the naked eye nor under a microscope. However, using solid rubber replication followed by microscopy of the replica, these cracks could easily be identified, as seen in Fig During spin testing of the structure at a high RPM, some of the detected cavities caused separation of fiber bundles from the surface. Further tests using Rayleigh waves also have identified surface cracks that could neither be seen by the naked eye nor under optical microscopes, but could be verified by optical examination of the rubber replica of the cracks.
